RECYCLER RING
The Recycler Ring [ 13 located in the Main Injector tunnel at Fermilab is designed to be a storage facility for antiprotons as a part of Run I1 luminosity upgrade program.
The Recycler Ring (RR) is being commissioned using protons. Beam emittance growth can be caused by many factors such as injection mismatch, lattice properties, beam structure, dynamic aperture, tunnel vibrations, power supply noise, Main Injector ramping as well as beam-gas effects. This study investigates the effect of beam-gas interactions and other external factors such as Main Injector ramping etc. on emittance growth in the Recycler Ring. The relevant RR parameters are listed in Table 1 . 
EFFECT OF BEAM-GAS SCATTERING
We estimate the beam emittance growth due to multiple coloumb scattering of the beam particles (protons) with the residual gas atoms present in the beam pipe. The injected beam is assumed to be Gaussian:
with 2 = €/ea ranging from 0.0 to 1.0. With an initial beam of 107r x m-r, (T = 11.53 x 10-3m-r. Here e, ea denote emittance and Recyler acceptance respectively while a is the half aperture equal to the average radius of the beam pipe (0.023 m).
The RR ultra high vacuum is maintained by a regular array of ion and titanium sublimation pumps (TSP). The pressure at a point inside the beam pipe varies significantly depending on the distance from the pump locations. The pressure profile has been computed for each component of the gas present in the beam pipe. The maximum and minimum pressure for each gas are listed in Table 2 . For life time estimations, we treat the 'unknown' component as Nitrogen. The mutiple coloumb scattering of beam particle causes emittance growth of the beam. As a result, protons are lost via diffusion across the boundary of the allowed particle distribution in the beam pipe. Therefore, we should approach this problem by solving the diffusion equation [4] for a particle distribution f: subject to the boundary conditions:
where Z = €/ea = emittance/acceptance, and r = W e a with R, the diffusion coefficient. The diffusion coefficient R is given in terms of scattering angle 8 by:
The general solution of the above equation can be written as: The life time due to multiple coloumb scattering can be now computed using the standard expression:
The beam life time varies with time and normally reaches an asymptotic value [5]:
To compute < e2 >, we use the small angle limit of the Rutherford scattering cross section, parametrization of atomic and nuclear radii:
with Aj denoting the atomic weight of jth gas component. Using Table 2 and the relevant Recycler parameters in Table 1 , we obtain < e2 >= 4.23 x rad/s for the case of minimum gas pressure and 1.25 x lo-'' rad/s for the maximum pressure case.
The emittance growth is obtained by: Now using the above estimates for < 6' >, we compute the emittance growth due to beam-gas multiple scattering as 8.00 x 1 0 -4~ mm-mr/s for the minimum case and 2.37 x 10-37r mm-mr/s for the maximum case.
THE EFFECT OF MAIN INJECTOR RAMPING
The Main Injector plays a pivotal role in the Fermilab accelerator complex for accelerating, decelerating and transferring beams between the Booster, Antiproton Source, Accumulator, Recycler Ring and the Tevatron. The Recycler Ring is located in the upper section of the Main Injector tunnel and is separated by an average distance of only about 2m. Therefore while the Main Injector is ramping, the stray fields may affect the beam in the Recycler Ring where shielding by p-metal may not be adequate.
To measure the effect of Main Injector ramping, we have measured the beam intensity and the emittance growth in horizontal plane in the Recycler Ring as a function of time while the Main Injector is ramping and while not ramping with identical Recycler setups. The relative emittance 
OUTLOOK
In this study, we have considered two of the many processes contributing to the emittance growth in the Recycler Ring. Comparing the overall growth rate with that obtained from multiple scattering of beam particles with residual gases in the beam pipe, we can conclude that Main Injector ramping along with other factors are playing significant roles. 
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